I 




Europalsches Patentamt 
European Patent Office 
Office europgen des brevets 



■inniiiiiiiii 

© Publication number 0 553 494 A1 



EUROPEAN PATENT APPLICATION 



© Application number: 92122084.4 
<§) Date of filing: 29.12.92 

© Declaration under Rule 28(4) EPC (expert solution) 



© int. CIA C07K 15/00, C07K 3/08, 
C07K 3/22 





The applicant has filed a statement in 


© Applicant LUCKY LIMITED 




accordance with Rule 28 (4) EPC (issue of a 


No. 20, Yoido-dong, Yongdungpo-gu 




sample only to an expert). Accession number(s) 


Seoul 150-721 (KR) 




of the deposit(s): KCCM-10019 and KCTC 


@ Inventor Cho, Joong Myung 




0028BP. 


© 




185-7, Godug-dong, Gangdong-gu 


Priority: 31.12.91 KR 2587891 


Seoul 134-080(KR) 




31.12.91 KR 2587991 


Inventor. Park, Young Woo 




28.01.92 KR 115592 


386-4, Doryong-dong, Yuseong-gu 






Daejeon 305-340(KR) 


Date of publication of application: 


Inventor Park, Soon Jae 




04.08.93 Bulletin 93/31 


Lucky Apt 6-101, Doryong-dong 


® 




Yuseong-gu, Daejeon 30 5- 340 (KR) 


Designated Contracting States: 


Inventor Bae, Tae Ok 




AT BE CH DE DK ES FR GB GR IE IT U LU MC 


258-1, Yongun-dong, Dong-gu 




NLPTSE 


Daejeon 300-1 20(KR) 






Inventor Chang, Ho Jin 






Lucky Apt, B-208, Doryong-dong 






Yuseong-gu, Daejeon 305-340(KR) 






© Representative: von Samson-Himmelstjerna, 






Frledrich R-, DIpL-Phys. et al 






SAMSON & PARTNER Widen mayerstrasse 5 






W-8000 MUnchen 22 (DE) 



< 



CO 

in 
in 



© Recombinant gene coding for human alpha Interferon and expression vector thereof, ETC 

© Disclosed herewith are a recombinant gene coding the human alpha interferon for an efficient expression 
thereof in yeast, having the nucleotide sequence shown in Fig. 1A; an expression vector containing said gene; 
yeast cells transfected with said expression vector; a process for production of human alpha interferon by 
employing said yeast transformants; and a process for purification of said human alpha interferon in a high yield. 
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30 

ATG TGT GAT CTG CCT CAA ACT CAC AGC CTG 
Met Cys Asp Leu Pro Gin Thr His Ser Leu 

90 

CAA ATG AGA AAG ATA AGC TTG TTC TCC TGC 
Gin Met Arg Lys lie Ser Leu Phe Ser Cys 

150 

CAG GAG GAG TTT GGC AAC CAG TTC CAA AAG 
Gin Glu Glu Phe Gly Asn Gin Phe Gin Lys 

210 

ATC CAG CAG ATC TTC AAT CTC TTC AGC ACA 
He Gin Gin He Phe Asn Leu Phe Ser Thr 

270 

CTC CTA GAC AAA TTC TAC ACT GAG CTC TAC 
Leu Leu Asp Lys Phe Tyr Thr Glu Leu Tyr 

330 

ATA CAG GGG GTG GGG GTG ACA GAG ACT CCC 
He Gin Gly Val Gly Val Thr Glu Thr Pro 

390 

AGG AAA TAC TTC CAA AGA ATC ACT CTC TAT 
Arg Lys Tyr Phe Gin Arg He Thr Leu Tyr 

450 

TGG CAG GTT GTC AGA GCA GAA ATC ATG AGA 
Trp Glu Val Val Arg Ala Glu He Met Arg 



ACT TTA AGA AGT AAG GAA TAA TAG 
Ser Leu Arg Ser Lys Glu End End 



Fig- 



60 

GGT TCT AGA AGA ACC TTG ATG TTG CTA GCT 
Gly Ser Arg Arg Thr Leu Met Leu Leu Ala 

120 

TTG AAG GAC AGA CAT GAC TTT GGA TTT CCC 
Leu Lys Asp Arg His Asp Phe Gly Phe Pro 

180 

GCT GAA ACC ATC CCT GTC CTC CAT GAG ATG 
Ala Glu Thr He Pro Val Leu His Glu Met 

240 

AAG GAC TCA TCT GCT GCT TGG GAT GAG ACC 
Lys Asp Ser Ser Ala Ala Trp Asp Glu Thr 

300 

CAG CAA CTG AAT GAC CTG GAA GCC TGT GTG 
Gin Gin Leu Asn Asp Leu Glu Ala Cys Val 

360 

CTG ATG AAG GAG GAC TCC ATT CTG GCT GTG 
Leu Met Lys Glu Asp Ser He Leu Ala Val 

420 

CTG AAA GAG AAG AAA TAC AGC CCT TGT GCC 
Leu Lys Glu Lys Lys Tyr Ser Pro Cys Ala 

480 

TCC TTT TCT TTG TCA ACA AAC TTG CAA GAA 
Ser Phe Ser Leu Ser Thr Asn Leu Gin Glu 
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Field of the Invention 



The present invention relates to a recombinant gene encoding human alpha interferon and the 
expression thereof in yeast. More particularly, the present invention relates to a recombinant gene encoding 
s human alpha interferon useful for the mass production of human alpha interferon in yeast, an expression 
vector thereof, yeast cells transformed with said expression vector, a process for producing human alpha 
interferon by employing said yeast transformants. and a process for purifying said alpha interferon 
produced in yeast cells in a high yield. 

w Description of the Prior Art 

Interferon, a cytokin, is a protein with antiviral activities produced by animal cells in response to a viral 
infection. Interferons are classified on the basis of their origin: alpha interferon(IFN-a), also known as 
leucocyte interferon, is mostly produced by B lymphocytes, null lymphocytes or macrophages; beta 
75 interferon(IFN-/3), also known as fibroblastic interferon, is mostly produced by fibroblasts or epidermal cells; 
and gamma interferon(IFN- ). also known as immune interferon, is mostly produced by T lymphocytes with 
macrophages(Stanton. G. J. et ah, Tex. Rep. Biol. Med. 41. 84-88(1981); Wrchner. H. et ah. Tex Rep. Biol. 
Med. 41.89-93(1981)). 

Hitherto. 20 or more types of alpha interferon genes have been identified; and most of them encode 

20 165 or 166 amino acids. 

The first alpha interferon used in a clinical test was one produced in buffy coat leukocyte stimulated by 
Sendai virus; and its purity was no more than about 1%(Cantell. K. and Hirvonen. Tex. Rep. Biol. Med. 35. 
138-144(1977)). 

Recently, human alpha interferons manufactured by using a recombinant DNA technology have been 
25 clinically tested. As a result, it has been reported that they are effective for the treatment of a number of 
cancerous diseases, particularly, bladder cancer(Torti. F. M. et ah. J. Clin, Onco. 3. 506-512(1985)) and 
kindey cancer(Vugrin. D. et al.. Cancer Treat Rep. 69. 817-820(1985)). and. further, for the treatment of 
hepatitis C(Davis. G. G. eTaT; N. Engl. J. Med. 321. 1501-1506(1989); Bisceglie. A. D. et ah. N. Engl. J. 

Med. 321. 1506-1510 (1989)). 

30 The~production of human alpha interferons using a recombinant DNA technology has generally been 
restricted to those processes employing E. coli as the host cel!(Nagata. S. et ah. Nature 284 , 316-320- 
(1980); Goeddel, D. V. et al., Nature 287, 411-416(1980); Streuli, M. et ah. Science 209. 1343-1347(1980); 
Goeddel, D. V. et al.. NAR 8. 4057-4074(1980); Dreynck. R. et ah, Nature 287. 193-197(1980)). Alpha 
interferons so produced may be not identical to the natural one. since E. coli cannot glycosylate proteins 

35 produced therein; and E. coli native proteins such as endotoxin may remain in the alpha interferons even 
after its purification. 

In this context, yeasts have several advantages over E. coli as a host cell for producing alpha 
interferons: that is, the mechanism of glycosylation in yeast is similiar to that in animal cells; and, further, 
yeasts do not produce any substance harmful to human, as borne out by the fact that yeasts have been 
40 used in the food processing industry for several centries. 

Nevertheless, when interferons are prepared by employing a recombinant DNA technology in yeast 
cells, it is always critical to purify the interferons from yeast native substances for clinical use. 

The alpha interferons produced in E. art or yeast cells have been purified in high purity using reverse- 
phase high performance liquid chromatography(Rubinstein, M. et ah. Arch. Biochem. Biophys. 210. 307- 
45 318(1981)) or monoclonal antibody affinity chromatography(Berg. K. and Heron, h. Methods Enzymoh 78, 
487-499(1981)). 

Needless to say, to be clinically useful, the bioactivity of interferons is important. In this connection, 
natural alpha interferon has two disulfide bonds, i.e.. one between two cysteins which are the 1st and the 
98th amino acids and the other between another pair of cysteins which are the 29th and the 138th amino 
so acids. However, most alpha interferons produced by using E. coli or yeast exist as a reduced form not 
having said disulfide bonds or as an incompletely oxidized form having only one of said disulfide bonds, all 
of which are denatured forms. Further, they often form oligomers such as dimers by bonding between 
themselves during a purification process. 

Therefore, many efforts have been made to obtain alpha interferon in an active form as well in a high 

55 degree of purity. 

For example, Korean Patent Application No. 90-13450 discloses a method comprising the steps of: 
dissolving alpha interferon in a denatured form purified from a host cell by employing a conventional 
method in a solution containing a reducing agent such as /3-mercaptoethanol and dithiothreitol; refolding 
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said reduced alpha interferon and then isolating the refolded alpha interferon by an anion exchange 
chromatography to obtain alpha interferon with a high purity and activity. However, this method has a defect 
in that the refolded but non-active alpha interferon proteins, e.g., imcompletely oxidized ones or dimers still 
remain in the final product. 

s If a cation exchange chromatography is additionally employed, said non-active alpha interferon proteins 
can be removed. However, such removal will not be helpful for increasing the yield of active alpha 
interferon. 

Summary of the Invention 

10 

It is an object of the present invention to provide a recombinant gene(rhlFN-a gene) encoding human 
alpha interferon for an efficient expression thereof in yeast 

It is another object of the present invention to provide an expression vector comprising said rhIFN-a 
gene and yeast cells transformed with the expression vector. 
75 It is a further object of the present invention to provide a process for producing human alpha interferon- 
(hlFN-o) by employing the yeast transform ants. 

It is still another object of the present invention to provide a process for purifying hlFN^a produced in 
the yeast transformants in a high yield. 

Accordingly, in accordance with one aspect of the present invention, there is provided with an rhlFN-t* 
20 gene having a nucleotide sequence shown in Fig. 1 which is designed to produce mature hlFN-a in yeast. 

In accordance with another aspect of the present invention, there is provided with an expression vector 
operable in yeast and comprising said rhIFN-o gene and yeast cells transformed with said vector. 

In accordance with a further aspect of the present invention, there is provided with a process for 
producing hlFN-a in yeast comprising culturing the yeast tansformants under a culture condition appropriate 
25 for the expression of the rhIFN-a gene. 

In accordance with still another aspect of the present invention, there is provided with a process 
producing active hlFN-a in a high yield which includes a conversion procedure of an inactive form of hlFN-a 
to an active form comprising: dissolving the hlFN-a isolated from yeast cells in a solution containing a 
reducing agent; refolding the reduced hlFN-o under a refolding condition; subjecting the solution containing 
30 the refolded hlFN-t* to an anion exchange chromatography to elute the refolded hlFN-o; subjecting the 
eluate to a cation exchange chromatography to separate inactive hlFN-a from the active hlFN-a; and 
treating the inactive hlFN-o with a redox agent containing oxidized thiol residues and reduced thiol residues, 
thereby converting it to the active hlFN-a. 

35 Brief Description of the Drawings 

* 

Fig. 1A and 1B show the nucleotide sequence of an rhIFN-a gene of the present invention and the amino 
acid sequence encoded therein and the nucleotide sequence of natuaral hlFN-er cDNA prepared by 
employing an isolated human mRNA and the amino acid sequence encoded therein, respectively; 
40 Fig. 2 represents the nucleotide sequence of the promoter AG885; 

Fig. 3A and 38 describe the strategies for constructing two expression vectors containing the rhIFN-a 
gene; 

Fig. 4A and 48 disclose the results of electrophoresis of cell extracts of the yeast transformants cultured 
under the condition appropriate for the expression of the rhIFN-a gene; 
45 Fig. 5 depicts the result of CM-Sepharose column chromatography of the protein sample from the yeast 
transformants; 

Fig. 6 presents the result of non-reducing sodium dodecyl sulfate-polyacrylamide gel electrophoresis for 
the dimers obtained through the use of CM-Sepharose column chromatography and the monomers 
converted from the dimers using a redox agant; and 
50 Fig. 7 offers the result of C18 reverse-phase high performance liquid chromatography for the monomers 
obtained through the use of CM-Sepharose column chromatography and the monomers converted from 
the dimers using a redox agent 

Detailed Description of the Preferred Embodiments 

55 

All references cited herein are hereby incorporated in their entirety by reference. 
As used herein, the following terms shall have the following meanings: 

The term "active form of human alpha interferon " or "active hlFN-at n refers to a monomeric human 
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alpha interferon having two disulfide bonds, i.e., one between the two cysteins which are the 1st and the 
98th amino acids and the other between the two cysteins which are 29th and the 138th amino acids. 

The term "inactive form of human alpha interferon" or "inactive hlFN-a" refers to all human aJpha 
interferons not having the two disulfide bonds described above, including those in an oligomeric form, 
5 incompletely oxidized form with one disulfide bond, and with incorrectly bonded disulfide bond. 

All sequenced yeast genes, especially highly expressed genes, show a distinct preference for 25 
codons among the 61 possible condons; and the degree of bias for these 25 preferred codons in each gene 
is correlated with the level, of its mRNA in the cel!(Bennetzent J. L and Hall B. D., The Journal of Bio. 
Chem. 257, 3026-3031(1982)). Genes which are strongly expressed are more biased than genes with a 
ro lower level of expression. 

Further, it is generally known that the efficiency of transcription and translation of a gene, which is an 
important factor for the expression of a gene, decreases if a secondary structure of mRNA exists. 

On the basis of the above facts, the rhIFN-a gene of the present invention was designed to have yeast- 
preferred codons and to minimize the formation of a secondary mRNA structure by substituting the region 
75 corresponding to the 80 base pairs at the 5 f -end region of hlFN-o cDNA prepared by employing mRNA 
isolated from human cells with a new one. so as to increase the transcription and translation efficiency of 
the rhIFN-a gene in a yeast cell. 

Further, for the convenience of the gene manipulation, the recognition sites of four different restriction 
endonucleases were introduced to the rhIFN-a gene: Xba I sitep'-TCTAGA-S*) is located at the codons for 
20 the 12th and 13th amino acids, Ser and Arg; Hind III site (S'-AAGCTT-S') was located at the codons for the 
25th to the 27th amino acids, He. Ser and Leu; Bal IKS'-AGATCT-S') was located at the codons for the 63rd 
to the 65th amino acids, Glu. lie and Phe; and Sac l(5'-GAGCTC-3*) was located at the codons for the 88th 
and the 89th amino acids, Glu and Leu. 

An initiation codon, ATG, is introduced just before the codon for the N-terminal amino acid of the 
25 mature alpha interferon, Cys; and two termination codons 5*-TAA-3* and S'-TAG-S* were provided just after 
the codon for the C-terminal(166th) amino acid. Glu. For the convenience of cloning, an appropriate 
recognition site(s) of restriction endonuclease may be introduced to the position next to the termination 
codons and/or at the front of the initiation codon ATG. 

The rhIFN-a gene of the present invention prepared to meet the above. requirements has a nucleotide 
30 sequence as described in Fig. 1 A. Fig. 1 A shows also the amino acid sequence of the polypeptide encoded 
in said gene. 

The expression vector of the present invention to express said rhIFN-a gene may be prepared by 
employing various expression systems operable in yeast. 

In accordance with a preferred embodiment, there is provided an expression vector prepared by cloning 
35 the rhIFN-a gene in a vector comprising a GAP promoter. More specifically, the expression vector is 
prepared by using a plasmid pYLBC-GAP-HGH, which contains the promoter GAP, as described in the 
Examples given below, and named Luck-o-IFN-1Y. 

In accordance with another preferred embodiment, there is provided an expression vector prepared by 
cloning the rhIFN-a gene in a vector comprising a promoter AG885 designed in accordance with the 
40 present invention, as follows: 

Alcohol dehydrogenase 2(ADH2) of Saccharomyces cerevisiae is controlled by the presence of alcohol 
and glucose, ft has been reported that, when glucose is exhausted in the medium, expression of the ADH2 
gene increases about 200 times since the upstream activation sequence(UAS) comprising 22 base pairs is 
stimulated by the binding of ADR1 -activating protein thereto (Yu et al.. Molecular and Cellular Biology 9. 34- 
45 42(1989)). On the basis of the above, the present inventors have developed a novel promoter for gene 
expression in yeasts, which comprises 200 base pairs of polynucleotide having the DNA sequence 
substantially identical to the TATA box of GAPDH and 90 base pairs of polynucleotide having the DNA 
sequence substantially identical to the upstream activation sequence of ADH2; and named it promoter 
AG885. 

so The nucleotide sequence of the promoter AG885 is shown in Fig. 2. 

The expression vector of the rhIFN-a gene employing the promoter AG885 is prepared as described in 
the Examples given below, and named pYLBC-AG885-a-IFN. 

The expression vector of the present invention, particularly. pYLBC-AG885-a-IFN, gives a high yield of 
hlFN-tt and at least about 10% of the total yeast protein. 
55 The Saccharomyces cerevisiae transformed with the vector Luck-«-IFN-1Y was deposited with Korean 
Culture Center of Microorganism on December 12. 1990 with the accession number of KFCC 10715. and 
conversion of the original deposit to a deposit under the terms of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure was requested on 
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December 12, 1992 and the accession number thereof is KCCM 10019. The Saccharomyces cerevisiae 
transformed with the vector pYLBC-AG885-cr-IFN was deposited with Korean Collection for Type Culture on 
December 17, 1991 with the accession number of KCTC 0028BP. under the terms of the Buadpest Treaty. 

A yeast cell transformed with the expression vector containing the rhIFN-a gene is then cultured under 
5 the condition capable of expressing the rhIFN-a gene, which is determined according to the characteristics 
of the vector and the host yeast cell. 

The hi FN -a produced in the yeast transform ant may be isolated and purified by a combined use of 
conventional methods, e.g., cell disruption, centrifugation, dialysis, salting out, chromatography, gel filtration, 
electrophoresis and electroelution; thereafter, hlFN-o having the same biological activity as the natural one 
io is obtained in a high yield by the following method: dissolving the hlFN-a isolated from yeast cells in a 
solution containing a reducing agent; refolding the reduced hlFN-a under a refolding condition; subjecting 
the solution containing the refolded hlFN-t* to an anion exchange chromatography to elute the refolded 
hlFN-cr as an eluate; subjecting the eluate to a cation exchange chromatography to separate inactive hlFN-a 
from the active hlFN-a; and treating the inactive hlFN-a with a redox agent containing oxidized thiol 
is residues and reduced thiol residues to convert it to the active hlFN-a. 

The inactive form of hlFN-a can be converted to the active hlFN-a by the treatment thereof with a redox 

9 

agent, particularly, a redox agent containing oxidized thiol residues and reduced thiol residues in a suitable 
ratio. 

In said redox agent, the concentration of the reduced thiol residues is preferably about 1 to 10 mM and 
20 the concentration of the oxidized thiol residues is preferably about 0.1 to 1 mM. Said redox agent includes, 
for example, those comprising cysteine and cystine and also those comprising oxidized glutathione and 
reduced glutathione. 

In accordance with the above purification process, the polypeptide biologically idential to human alpha 
interferon can be purified in a high yield. 
25 The following Examples are intended to specrficalry exemplify the present invention without limiting its 
scope; and the experimental methods used in the Examples are practised in accordance with the Reference 
Examples given hereinbelow. 

Unless otherwise specified, percentages given below for solids in solid mixtures, liquids in liquids and 
solids in liquids are on a wt/wt, vol/vol and wt/vol basis, respectively. 

30 

Reference Example 1: Digestion of DNA with Restriction Endonuclease 

The restriction endonucleases and reaction buffers used herein were purchased from NEB(New England 
Biolabs, U.S.A.). 

35 The reaction was generally carried out in a sterilized Eppendorf tube with a reaction volume ranging 
from 50 to 100ul, at a temperature of 37* C for 1 to 2 hours. Thereafter, the reaction mixture was heat- 
treated at 65 »C for 15 minutes (or extracted with phenol and precipitated with ethanol in the case of a heat- 
resistant endonuclease) to inactivate the restriction endonuclease. 

10 x reaction buffer for the reaction of a restriction endonuclease had the following composition: 

40 10 x NEB reaction buffer 1: 100mM bis Tris propane-HCI, 100mM MgCI 2 , 10mM dithiothreitol(DTT), pH 
7.0; 

10 x NEB reaction buffer 2: 100mM Tris-HCI. 100mM MgCfe, 500mM NaCI, 10mM DTT, pH 7.0; 
10 x NEB reaction buffer 3: 100mM Tris-HCI, 100mM MgCfe, 10mM DTT, pH 7.0; and 
10 x NEB reaction buffer 4: 200mM Tris-acetate, 100mM magnesium acetate, 500m M potassium 
45 acetate, 10mM DTT, pH 7.0. 

Reference Example 2: Phenol Extraction and Ethanol Precipitation 

After the completion of the enzyme reaction, the reaction mixture was extracted with phenol for the 
so purpose of inactivating the enzyme or recovering the DNA in the reaction mixture, wherein phenol 
preequilibrated with a buffer containing 10mM Tris-HCI(pH 8.0) and 1mM EDTA was used. Phenol extraction 
was carried out by mixing equal volumes of a sample and the phenol with vigorous shaking; centrifuging the 
mixture at 15,000rpm for 5 minutes; and transferring the aqueous layer into a new tube. The above 
procedure was repeated two or three times. 
55 The aqueous layer was. then, extracted with an equal volume of chloroform solution (chloroform : 
isoamyl alcohol = 24:1) and the aqueous layer was separated again; 0.1 volume of 3M sodium acetate and 
2.5 volumes of ethanol were added thereto; and, the mixture was centrifuged at 1 5,000rpm and 4 * C for 20 
minutes after having left it at -70 'C for 30 minutes or at -20 # C for 12 hours, to recover the nucleic acid. 

6 
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Reference Example 3: Ligation Reaction 

Ligation of DNA was carried out by employing T* DMA ligase and 10 x ligation reaction buffer(0.5M 
Tris-HCI. 0.1 M MgCb, 0.2M DTT, 10mM ATP, 0.5mg/ml bovine serum albumin (BSA)) purchased from 
s NEB. The reaction volume was generally 20ul. and 10 units of T* ligase was used for the ligation of the 
cohesive ends of DNA while 1 00 units of T* ligase was used for the ligation of blunt ended DMAs. 

The reaction was carried out at 16* C for 5 hours or at 4*C for over 14 hours; and, after the reaction 
was completed, the reaction mixture was heated at 65* C for 15 minutes to inactivate the T 4 DNA ligase. 

to Reference Example 4: Transformation of E. coli 

E. coli strains used for the following Examples include E. coli HB101(ATCC 33694), E. coli W3110- 
(ATCC 27325), and E. coli JM1 05(ATCC 4701 6). 

The host cells were incubated in 100ml of LB liquid medium (1 % Bacto tryptone, 0.5% Bacto yeast 
75 extract, 0.5% NaCI) at 37 # C until the O.D. (optical density) value at 650nm reached the range from 0.25 to 
0.5. The cell culture was isolated by the centrifugation and then washed with 50ml of 0.1 M magnesium 
chloride(MgCI 2 ) solution. The cell pellet obtained by the centrifugation was added with 50ml of solution of 
0.1 M CaCfe and 0.05M MgCI 2 and then stood in an ice bath for 30 minutes. The cells were isolated by 
centrifugation and then suspended in 5ml of the solution of 0.1 M CaCfe and 0.05M MgCfe. The reagent and 
20 materials used above had been cooled to 0 * C just before the use. 

To 0.2ml of cell suspension obtained above was added 10ul of a ligation reaction mixture; and the 
reaction mixture was stood at 0*C for 40 minutes and then heated at 42 *C for 1 minute. 2.0ml of LB liquid 
medium was added thereto; and the cells so treated were incubated at 37 *C for 1 hour. The culture was 
then applied onto a Petri dish containing LB solid medium provided with an appropriate antibiotic such as 
25 ampicillin and incubated at 37 *C overnight to obtain transformant colonies. 

In the case of transformation of E. coli with M13 vector. M13 vector DNA(ligated with a gene) was 
added with IOOu.1 of JM105 cell suspension? 1 5U.I of 10mM isopropyl 0-thioglactopyranoside. 25ul of 4% X- 
Gal and 3ml of 2 x YT soft solid medium(t% NaCI, 1% yeast extract, 1.6% Bactotryptone, 0.7% Bacto 
agar) preheated to 38 *C. The mixture was stirred and applied onto 2x YT solid medium(1% NaCI, 1% yeast 
30 extract, 1.6% Bacto tryptone, 1.5% Bacto agar) and incubated at 37 *C overnight to obtain plaques. 

Reference Example 5: Synthesis of Oligonucleotides 

Oligonucleotides were synthesized by employing a DNA synthesizer (Applied Biosy stems Inc., 380 B, 
35 U.S.A.) of automatic solid phase phosphoamidite chemistry. 

The synthesized oligonucleotides were purified by using a denaturing polyacrylamide gel(2M urea, 12% 
acrylamide and bis acrylamide(29:1), 50mM Tris, 50m M boric acid. ImM EDTA-Na*) electrophoresis and 
SEP-PAK(Waters Inc., U.S.A) column chromatography using a mixture of acetonitrile and water (50:50) as 
an eluent; and the amount was determined by measuring the O.D. value at 260nm. 

40 

Reference Example 6: Polymerase Chain Reaction(PCR) 

To a mixture of 10 to 100ng of template DNA, 10ul of 10x Taq polymerase reaction buffer(10mM Tris- 
HCI. 500mM KCI, 15mM MgCb. 0.1%(w/v) gelatin, pH 8.3). 10ul of a mixture of dNTP (each of dGTP. 
45 dATP, dTTP and dCTP is 1.25mM), 2ug of each primer(generally, 2 primers were used for the reaction, and 
in case 3 primers were used, the primer located in the middle was used in an amount of 0.02ug). and 0.5ul 
of Ampli Taq DNA polymerase(Perkin Elmer Cetus, U.S.A.) was added with distilled water in an amount to 
make a total volume of 100ul; and 50ul of mineral oil was added thereto to protect the reaction mixture 
from evaporation. 

so The PCR was carried out by using a thermal cycler(Perkin Elmer Cetus, U.S.A.); and the thermal cycle 
was programmed to repeat 25 times or more, the cycle being: 95 'C for 1 minute — 55* C for 1 minute — 
72 • C for 2 minutes; and. finally, the reaction was carried out at 72 • C for 10 minutes. 

After the reaction was completed, the mixture was extracted with phenol and the PCR products were 
recovered by precipitation with ethanol; and, the precipitate was dissolved in 20ul of TE buffer solution- 

55 (10mM Tris-HCI. 1mM EDTA. pH 7.5). 
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Example 1 : Preparation of human alpha interferon cDNA 

(1-A): Preparation of mRNA from human cell 

5 <Step 1>: Extraction of total RNA from human cefl fine KG-1 

Human cell line KG-1(ATCC CCL246) was incubated in RPMI164 medium(Gibco P Cat. #430-3400EB, 
Grand Island, New York 14072 U.S.A.) for 2 to 3 days; and the medium was removed off by the 
centrifugation(750 x g, 10min). The cell peUet(about 5 x 10 7 cells) was suspended in fresh RPMI164 

io medium in the concentration of about 10 s cells/ml. To the suspension was added 1/200 volume of 200mM 
sodium butyrate and the mixture was then incubated for 48 hours at 37 *C. The culture was centrifuged 
again and the cell pellet was isolated and suspended in fresh RPMI164 medium. 

In order to induce the production of hlFN-a mRNA in the cell so obtained. NCD virus(New Castle 
disease virus, ATCC VR0107) was added to the cell suspension, and the mixture was then incubated at 

is 37 *C for 12 to 20 hours. About 5 x 107 cells induced as above were precipitated by the centrifugation (750 
x g, 10min) and the eel! pellet was lysed in 10ml RNAzol B(Cinna/Biotecs, U.S.A.). To the cell lysate was 
added 1ml of chloroform and the mixture was vigorously shaken for 15 seconds and stood in an ice bath for 
5 minutes. The mixture was centrifuged at 12000 x g, 4'C for 15 minutes to separate water/chloroform 
phases. The upper phase was taken and added with an equal volume of isopropanol. 

20 The mixture was stood at 4*C for 15 minutes and centrifuged at 1200 x g, 4*C for 15 minutes to 
precipitate RNA. The RNA precipitate was suspended in 200ul of distilled water treated with 
diethylpyrocarbonate(DEPC); and the mRNA tailed with Poly(A) + (Poly(A+) mRNA) was immediately isolated 
therefrom. 

25 (Step 2): Isolation of PoJy(A) + mRNA 

The isolation of Poly(A) + mRNA was carried out using an mRNA Isolation Kit(Stratagene Inc., Cat. 
#200348, U.S.A.), as follows. 

The sample(200ul) obtained in (Step 1> above was heated at 65* C for 5 minutes, and then added with 
30 20u\ of 10 x sample buffer (10mM Tris-HCI. ImM EDTA, 5.0M NaCI, pH 7.5) on ice. Thereafter, the mixture 
was immediately loaded on an oBgo-d(T) ceflulose column at the rate of 1 drop/2 seconds. The oligo-d(T) 
cellulose column was then washed twice by toatfng with each 200ul of high salt buffer(10mM Tris-HCI, pH 
7.5, ImM EDTA, 0.5M NaCI) thereon at the rate of 1 drop/2 seconds. PoIy(A) + mRNA was eluted with 200ul 
of low salt buffer(10mM Tris-HCI. pH 7.5, ImM EDTA, 0.1 M NaCI). The eluted sample was subjected to 
35 ethanol precipitation and then dissolved in 100u! of TE solution. 

(1-B): Preparation of cDNA library 

(Step 1): Preparation of cDNA 
40 ————————— 

For the preparation of cDNA from the Pory(Ar mRNA, Zap-cDNA Synthesis Kit (Stratagene Inc., USA, 
Cat. #200400) was used. The Poty(A) + mRNA was used as a template, and oligo-d(T) primer having the 
nucleotide sequence of 5*-GAGAGAGAGAGAGAGAGAGAGAACTAGTCTCG AGCDis-^ was used. 

A first strand of cDNA was prepared as follows. 18ul of mRNA solution prepared in Example(l-A) was 

45 mixed with 2ul of 0.1 M CH 3 HgOH, and the mature was stood for 10 minutes at room temperature to unfold 
a secondary structure of RNA. To the resuftartt mixture was added 2al of 1M /S-mercaptoethanol, which 
mixture was kept for 5 minutes at room temperature. Thereto were added 5ul of reverse transcriptase 
reaction buffer solution (500mM Tris-HCI. pH a3, 750mM KCI, 30mM MgCfe. 10mM DTT). 2.5ul of 10mM 
each of dATP, dGTP. dTTP and 5-methyl-dCTP, 2ul of oligo-d(T) primer(1 .4ug/ul). 15ul of distilled water 

so treated with DEPC and 1.0ixl of RNase inh4xtor(1 unit/ul. Promega Inc.. USA), in the above order; the 
mixture was stood for 10 minutes at room temperature to bind the primers to the template; and then 2.5ul 
of Superscript RNase H~ reverse transcriptase(180 units/ul, BRL Inc., Cat. No. 8853SA) was added thereto. 
The reaction mixture was incubated for 1 hour at 37' C to synthesize the first strand of cDNA. 

A second strand of cDNA was prepared as follows. To 45al of the first strand solution obtained above 

55 were added 40u,l of 10 x second strand buffer solution(188mM Tris-HCI. pH 6.9, 906mM KCI. 46mM MgCI 2 . 
1.5mM 0-NAD(nicotinamide adenine di nucleotide). 10mM(Nm)zSO4). 6.0u! of 10mM each of dATP, dCTP, 
dTTP and dGTP and 298ul of distilled water, in the above order; and 1.0ul of RNase H(4units/u.l) and 
10-Oul of DNA polymerase 1(11 units/ul) were then dropped along the wall of the test tube. After instant 
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mixing, the reaction mixture was then incubated for 2.5 hours at 16 • C. 

The resultant mixture was then extracted with an equal volume of phenol-chloroform mixture(1:1(vA/), 
phenol being already saturated with 0.5M Tris-HCI(pH 7.5) and 0.1%(v/v) 0-mercaptoethanol). 3 times. The 
upper aqueous phase was taken and mixed with 0.1 volume of 3M sodium acetate and 2 volumes of 100% 
ethanol. The mixture was stood at -20 -C overnight and centrifuged at 12.000 x g. 4-C for 20 minutes to 
obtain the cDNA precipitate. 

<Step 2): Preparation of cDNA library 

In order to make the double stranded cDNA into a blunt ended one, the cDNA precipitate prepared in 
the above (Step 1> was dissolved in 43.5ul of distilled water. 39ul of the cDNA solution was taken and then 
mixed with 5.0ul of T4 DNA polymerase reaction solution(670mM Tris-HCI, pH 8.8. 166mM (NhUfcSCfc. 
67mM MgCb. 100mM 0-mercaptoethanol, 67uM EDTA), 2.5nl of 2.5mM dNTP's mixture and 3.5ul of T4 
DNA polymerase (2.9 units/ill). The reaction mixture was stood for 30 minutes at 37- C and the product was 
is extracted with the phenol-chloroform mixture and precipitated with ethanol in the same manner as in the 

above (Step 1>. , _ . 

In order to provide recognition sites for restriction endonucleases Eco Rl and Xho I at the 5 -end and 
the 3'-end respectively, the blunt-ended double stranded cDNA prepared above was treated as follows: To 
the precipitate containing blunt-ended cDNA obtained above were added 7.0ul of Eco Rl adaptor(Stratagene 
20 Inc Zap-cDNA Synthesis Kit Cat. No. 200400, USA.), 1.0ttl of 10 x ligation buffer solution (500mM Tns- 
HCl' pH 7 8. 100mM MgCfc. 200mM DTT, 500ug/ml BSA), 1.0ul of T4 DNA ligase(1000 units/ul) and 1.0ul 
of 10mM ATP. The resultant mixture and stood overnight at 4* C and then heated at 70 -C for 10 minutes to 

inactivate the ligase. . ^ . . , 

The product so obtained was extracted with the phenol-chloroform mixture and precipitated with ethanol 

25 in the same manner as above, and then dissolved in 16ul of TE buffer solution. „ „ 

To the resultant solution were added 2ul of 10x buffer solution(0.5M NaCI. 0.5M Tris-HCI. 50mM MgCfe. 
5mM DTT pH 7.9) and 1ul of each of Eco Rl and Xho l(New England Biolabs Inc., U.S.A.). and the reaction 
mixture was then stood for 10 minutes at 37 -C to digest the cDNA partially. The cDNA fragments were 
extracted with the phenol-chloroform mixture and precipitated with ethanol in the same manner as above. 

30 and then dissolved in 10ul of TE buffer solution. 

The cDNA fragment so obtained was cloned into vector UN l-ZAPXR as follows. To 10ul of the cDNA 
fragments solution digestd with Eco Rl-Xho I were added 2.0ul of 10x ligation buffer solution. 2.0ul of 
10mM ATP. 4.0ul of vector UNI-ZAPXR solution (1ug/ul. Stratagene Inc.. U.S.A.) already digested with Eco 
Rl/Xho I and 2.0ul of T4 DNA ligase(4 Weiss units/ul); and the reaction mixture was then incubated for 10 

35 hours at 16 *C. 

(Step 3): In vitro packaging of the vector containing cDNA into phage and amplification of the cDNA library 

In order to package the ligated DNA into a phage. 10ul of the final solution obtained in the above (Step 

40 2> was added to Gigapack II Gold Packaging Extract (Stratagene Inc., U.S.A.) and the reaction mixture was 
stood for 2 hours at room temperature. To the resultant mixture were added 500ul of a phage diluting 
solution(5.8g of NaCI. 2.0g of MgSO*-7H20. 50ml of 1M Tris-HCI, pH 7.5. 5ml of 2% gelatin per liter) and 
20ul of chloroform (see Kretz et aJ. ( Nucl. Acid. Res. 17, 5409(1989)). 

The infection arTTamplification thereof was carried out as follows. PLK-F (Stratagene Inc., Zap-cDNA 

45 Synthesis Kit Cat. No. 200400). E. coli merA- merB~ strain, was cultured in LB medium until the O.D. 
value at 600nm(O.D^oo) reached~0.5nrhe cultured cells were precipitated and then dissolved in 10mM 
MgS04. adjusting the O.D-goo value to 1.0. 600ul of the solution was mixed with 20ul of packaging mixture; 
the reaction mixture was then stood for 15 minutes at 37 -C to allow the packaged phage particles to infect 
into E coli. To the resultant E. coli was added 6.5ml of 0.7% NZY agar(7g of NZ amines. 5g of NaCI. 2g of 

so MgSOWH20, 5g of yeast extract, 7g of Bacto agar per liter) melted and kept to 48 'C; and the mixture 
was applied onto a 1 50mm-diameter NZY agar plate(7g of NZ amines, 5g of NaCI. 2g of MgSOWHzO. 5g 
of yeast extract. 16g Bacto agar per liter) and then incubated for 5 to 8 hours at 37 -C to generate the 
phage plaques. 10ml of the phage diluting solution was poured onto a plate; and the plate was shaken 
mildly for 15 hours at 4- C to dissolve the phages; and the resultant mixture was centrifuged at 4.000 x g to 

55 precipitate E. coli cells, which were then removed off. To the cDNA library solution so obtained was added 
0.3% volume oTchloroform; and the titer of the cDNA library was determined to be about 10'° to 10 PFU- 
(plaque forming unitsyml. 100% DMSO(dimethyl sulfoxide) was added thereto to make a concentration of 
7%(v/v); and the cDNA library was kept at -70 • C. 
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(1-C): Screening of the cDNA library by immunoassay and determination of cD NA sequence 

The cDNA library was screened by the immunoscreening method disclosed by Huynh T. V. et d.. DNA 
Cloning Techniques : A Practical Approach (P. M. Clover, ed.). PP49-78, IRL Press. Oxford(1985). to select 
the phages containing I NF-a cDNA. -,cn~,~» 
The cDNA library solution prepared in Example (1-B) was diluted to be 50.000 PFUper 150mm- 
diameter plate; the diluted cDNA library solution was mixed with BOOul of E. coHXL-1 b. U e(Stratagene ilnc 
USA. Zap-cDNA Synthesis Kit Cat No. 200400) culture(O.D*oo = 0.5) prepared by the same method as 
in (Step 3of Example(l-B) and 6.5ml of 0.7% NYZ agar was added thereto. Each mixture was applied onto 
, a 40 NZY agar plate and cultured for 1 2 hours at 37 • C to produce 2 x 10 s phage plaques. 

Thereafter. 1 32mm diameter nitrocellulose filters were dipped in a lOmM IPTG(isopropyl ^D-th.ogalac- 
topyranoside) solution and then blot-dried on Whatman 3MM filters. Each filter was placed above the agar 
n Lh plate; and incubated for 3.5 hours at 37-C. Each of the filters Wotted wK* the phage plaques was 
men^Jned with 15m. of washing solution (10mM Tris-HCI. pH 8.0. 1 SOmMNaCI, 0-05% y* 86 " 2 £ T ° 
s the filters was added 15ml of blocking solution(1% bovine serum albumin. 20mM Tns-HCI pH 7.5 150mM 
NaCI); and the resultant was incubated with gentle shaking for 1 hour at room temperature. Eachoflhe 
filters was then washed 5 times with mild shaking by using 15ml of TBST buffer solutton(20mM Tns-HCI. 
pH 7.5. 150mM NaCI. 0.05%(v/v) Tween-20) for 5 minutes at room temperature. The filters were put in 15ml 
of a solution prepared by 100-fold diluting the anti IFN-o antibody(Cat #853569; Boehnng^ Mannhe.m. 
o U S^Twith Tis buffer so.ution(20mM Tris-HCI. pH 7.5. 150mM NaCT) containing 1%<w/v) FBS(feta> bovine 
serum) with mild shaking for 1 hour at room temperature; and then washed 5 times w.th mild shaking ,n 
TBST buffer solution for 5 minutes at room temperature, each time. Each of the filters was put m 15ml of a 
solution prepared by 2000-fold diluting biotinylated-goat anti-mouse IgG and avidin con^gated-alkal.ne 
phosphatease(Pierce Inc.. U.S.A.) with TBS buffer solution containing l%(w/v) FBS. w^ m,ld shaking for 1 
, hou? at room temperature; and then washed 5 times with gentle shaking in 15m. of TBST buffer solution for 
5 minutes at room temperature. Each of the filters was then blot-dried on a Whatman 3M M iter. 

For the coloring reaction, each of the filters was reacted in 15ml of a colonng solution(1 OOmM Tns-HCI, 
pH 9.5, lOOmM NaCI. 5mM MgCfe. 5mg nitro blue-tetrazolium. 2.5mg 5-bromo^chloro-3Hndolyl phos- 
phate) in a dark room at room temperature for 30 minutes. The purple-colored, positive phage plaques were 
„ confirmed with eyes, which were expected to express the cDNA encoding IFN-a. Each of the filters was 
washed with TBS buffer solution once; and a coloring stopping solution<20mM Tns-HCI. pH 2.9. lmM 
EDTA) was added thereto to stop the coloring process. Each of the filters was dried at room temperature 
and then recorded on polaroid film. . ,„„ _. „ u 

Positive plaques were isolated; and incubated in 1ml of a phage diluting solution(10mM Tns-HCI. pH 
« 7.5. lOmM MgCfe) for 1 to 2 hours at room temperature. The above immunoscreening assay was repeated 
to obtain the colonies as a single phage plaque. m . . . 

Each of the phage plaques confirmed as containing the gene encoding hlFN-« was placed into a 
sterilized microfuge tube containing 500ul of SM buffer solution(5.8g of NaCI. 2.0g of MgSO* 50ul of 1M 
Tris-HCI. pH 7.5. 5ml of 2% gelatin per liter): 20ul of chloroform was added thereto: and then the content o 
« the tube was cultured with shaking for 1 to 2 hours at room temperature. 200ul(> 1 x 10* phage P^cles 
of the solution so obtained. 1UI of helper phage R408O 1 x 10* PFU/ml. Stratagene Inc.. U.S^) and 20ul 
of E. coli XL-1 blue cel. supension(O.D <0 o = 1-0) were mixed, and then the mixture was incubated at 37 C 
for-15-nTinutes. To the resultant culture was added 5ml of 2 x YT medium(l0g of NaCI 10g of yeast extract 
I6g of Bacto-tryptone per liter), which was cultured with shaking for 3 hours at 37 -C and then heated at 
« 70^ C for 20 minutes. The resultant culure was 100-fold diluted; and 200a. of the diluted culture was mixed 
with 200ul of E. coli XL1-Blue cell(O.D. S oo = 1.0). After incubating at 37 -C for 1 M lOOul of the 
resultant culture wSTapplied onto LB plates containing ampicillin(50ug/ml); and incubated at 37 C for 10 
hours to obtain pB.uescript phagemid colonies containing double stranded cDNA. 

In order to prepare single stranded DNA. the pBluescript colonies obtained above were incubated in an 
so LB agar medium containing antibiotic tetracycline(12.5ug/ml) and screened to obtain the positve colonies 
again; and the positive single colonies so obtained were incubated in a tetracycline* LB broth medium(2 to 
3ml) overnight. The culture was then incubated in 0.3ml of super liquid medium(35g Bacto tryptone. 20g 
yeast extract, 5g NaCI. adjusted to pH 7.5 with NaOH) and cultured with shaking at 37 -C The culture was 
infected with helper phage R408 and the culturing thereof was carried out for 8 hours until O.D^oo reached 

°' 3 The isolation and purification of the recombinant phage nucleotides was carried out by the method 
proposed by Sambrook. J. et al. in Molecular Cloning . 1. 2.73-2.81. Cold Spring Harbor. N.Y.(1989). 
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The nucleotide sequences were determined using the purified single stranded recombinant pBluescnpt 
phagemid or the double stranded pBluescript phagemid as a template and using M13-20mer primer T7 
primer KS. primer SK or primer T3 (Stratagene Inc.. USA) in accordance with Sanger's method (Proc. Natl. 
Acad. Sci. 74. 5405(1977)). which is shown in Fig. 1B with the amino acid sequences deduced from the 
nucleotide sequence. 

Example 2: Modification of the nucleotide sequence of hlFN-a cDNA by employing synthesized 
oligonucleotides 

The following four oligonucleotides were designed and synthesized so that the expression of the hlFN-« 
cDNA could be optimized by substitution of the codons at the 5'-end of hlFN-« cDNA with the preferred 
codons for yeast without changing the amino acid sequence, and simultaneously, its capability of forming a 
secondary mRNA structure was removed so as to increase the expression efficiency of hlFN-a in yeast at 
the level of transcription and translation. 



50 



55 



IFNl : 5 1 -AAAACATGTGTGAT 



CTGCCTCAAACTCACAGCCTGGGTia^SMGAACCrr 



Xbal site 



G ATGTTGCT AGCTC AA ATG AGAAAG ATAAGCTTGTTCTCCTG- 3 ' 
IFN2 : 5 , -GTCATTCAGTTGCTGGTAGACCTCAGT— 3 ' 
IFN3 : 5 '-ACTGAGCTCTACCAGCAACTGAATGAC— 3 ' 

IFN4 : 5 ■ - GGGGTCGACT ATT ATT C CTT ACTT CTT AA A CTTT CTTG C A AGTTTGTTG AC 

Sail site 
AAAG AAAAGG ATCTCATGA- 3 ' 

The PCR was carried out by using the above oligonucleotides. To a tube A were added 2ug of IFN1 
and 2ug of IFN2; and to a tube B were added 2ug of IFN3 and 2ug of IFN4. To each of the tubes were 
added 100ng of DNA containing hlFN-o cDNA obtained in Example(l-C), lOul of 10 x Taq polymerase 
buffer 10UI of 10mM dNTP and 2.5 units of Taq polymerase; and distilled water was added thereto to 
adjust the total volume to 100til. After the first PCR was carried out in accordance with the method of 
Reference Example 6. the PCR products having about 250bp from each of tubes A and B(hereinafter 
referred to as "PCR product A and B", respectively) were isolated by precipitation with ethanol. 

Thereafter, a second PCR was carried out by using PCR products A and B under the same condition as 
in the above. About 510 bp of nucleic acid fragment was obtained and named IFN-Y. 

Example 3: Cloning of rhlFN-o gene into vector M13mp18 and determination of nucleotide sequence 

To 10m<about 2ug of nucleic, acid) of TE buffer solution containing IFN-Y obtained in Example 2 were 
added 3ul of 10 x NEB buffer solution 3. 16ul of distilled water and ml of a restriction endonuclease Sall- 
(20units/ul); and the mixture was reacted over 1 hour at 37 -C and subjected to electrophoresis on 5% 
potyacrylamide gel to isolate 510 bp of digested fragment. The isolated fragment was purified with Elutip-D- 
(Schleicher & Schuell. USA.). The purified fragment was named IFN-L and dissolved in 10ul of distilled 

water before use for ligation. . 

On the other hand, double-stranded M13mp18 DNA(New England Biolabs. U.S.A.) was digested with 
restriction endonucleases Smal and Sail and the fragment was isolated in a purified statejo the mixture of 
2m of 10 x ligation buffer solution<660mM Tris-HCI. pH 7.6. 66mM MgCfe. 100mM DTT). 2ul of lOOmM 
ATP 2ul(0.2ug) of IFN-L, lul(about 0.1 ug) of M13mp18 DNA digested with Smal and Sail and 12ul of 
distilled water was added 1ul of T4 DNA ligase; and the resultant solution was reacted for 5 hours at 16 - C 
Thereafter. 10uI of the ligating resultant was reacted with E. coli JM105(ATCC 47016) in accordance wrth 
the Hanahan method described in J. Mol. Biol. 116. 557(1983) for the transformation of E. col. cell. 
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The E. coli cell mixture thus treated was added with 7.5ul of 0.2M IPTG. followed by mixing it with 3ml 
of 2 X YT soft agar medium(16g of Bacto tryptone, 10g of yeast extract 5g of NaCI, 6g of Bacto agar per 
1L) and 25ul of 4% X-gal solution. The resultant mixture was spread on a Min A solid medium(10.5g of 
KaHPOi. 4.5g of KH2PCU. 1g of (NH^SOi. 0.5g of Na-citrate. 12g of Bacto agar. 1ml of 20% MgSO*. 
0.5ml of 1% Vrt. B and 10ml of glucose per 1L) and incubated at 37 -C overnight. 

A white plaque thus obtained was isolated and employed to obtain a single stranded nucleic acid in 
accordance with the method proposed by Sambrook. J. et at. in Molecular Cloning . Cold Spring Harbor. 
NY (1989). The nucleotide sequence of the recombinant hlFN-a gene was determined in accordance with 
the dideoxy DNA sequencing method(Sanger, F. et al.. P.N.A.S.. 84 4767 (1987); rhIFN-a gene having the 
nucleotide sequence shown in Fig. 1 A was selected; and the M13mp18 containing said nucleotide sequence 
was named M13mp18-IFN-a. 



Example 4: Preparation of expression vector 
is (4~A): Preparation of vector Luck-a-IFN-1Y 

About 2ug of plasmid p YL B C-G AP- H G H (Korean Patent Laid-open No. 90-9975) was completely 
digested with the restriction endonucleases Pstl and Sail in NEB buffer solution 3; and another 2ug of said 
plasmid was completely digested with the restriction endonudeases Pstl and Bst Bl in NEB buffer solution 
20 4. Each of the digested plasmids was passed through 0.7% agarose gel to isolate about 9.8Kb and 3.4Kb of 
fragments which were named fragments PL and PB. 

About 5ug of vector M13mp18-IFN-a containing an rhlFN-t* gene obtained in Example 3 was com- 
pletely digested with the restriction enzymes Xbal and Sail in NEB buffer solution 3 and was subjected to 
phenol-chloroform extraction and ethanol precipitation. The precipitated nudeic acid(hereinafter referred to 
25 as IFN-X/L) was dissolved in 10ul of TE solution. 

The ligation thereof was carried out by using the fragments obtained in the above and a synthesized 

linker 



oo ( 5 •^TCGAATAAACACACATAAACAAACACCATGTGTGATCTGCCTCAAACTCACAGCCT 

3 ' — TATTTGTGTGTATTTGTTTGTGGTACA 
-GGGTT-3 ' 

35 

-CCCAAGATC-5 1 ) . 

To a tube were added 200ng of fragment IFN-X/L, 50ng of the linker. lOOng of a fragment PL. 100ng of 
40 fragment PB. 2ul of 10 x ligation solution and 10 units of T4 DNA ligase; and distilled water was added 
thereto to make the total volume of 20nl. The mixture was incubated for 12 hours at 16- C. The expression 
vector containing an rhIFN-a gene so obtained was designated as Luck-<HFN-1Y. The above procedures 
were shown in Fig. 3A. 

45 (4-B): Preparation of expression vector pYLBC-AG885-o-IFN 
<Step 1): Synthesis of primer and PCR 

UAS of promoter ADH2(5'-TCTCCAACTTATAAGTTGGAGA-3'), TATA box of promoter GAPDH and 
50 11 1bp of DNA fragment containing a nucleotide sequence at the 5'-end of hlFN-a gene were subjected to 
PCR by using two primers ADHGAP and GAPIFN as follows. 
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Pr imer ADHGAP ( 5 ' -AGACGGATCCTCCTCTGCCGGAACACCGGGCATCTCCA 
ACTTATAATGTTGGAGAAATAAGAGAATTTCAGATTGAGAGAATGAAAAAAAAAAACTGA 

AAAAAAAGGTTGAAAC-3 ■ ) and primer GAP I FN ( 5 ■ -TTCTTCT AG AACCC AGGCT 
GTGAGTTTGAGGCAGATCACACATGGTGTTTGTTTATGTGTG-3 ' ) 



70 



15 



20 



25 



30 



were synthesized. _ . 

Primer ADHGAP comprises 114 bases; and the 94 bases at the 5'-end contain a recognition site of 
BamHI and UAS of promoter ADH2; and the remainder comprises a nucleotide sequence which is capable 
of being linked to promoter GAPDH (-1 98th base to -1 78th base of GAPDH). 

Primer GAPIFN contains a recognition site of restriction endonuclease Xbal, an initiation codon for the 
hlFN-a gene and a nucleotide sequence of promoter GAPDH comprising 18 bases(from -1st to -18th; 
Holland, et ah, J. Biol. Chem. 254. 9839-9845(1979); Bitter et ah. Gene 32. 263-274(1984)) at the 3'-end. 

The structure of the primers is as follows. 



Primer ADHGAP 
5 1 -AGAC- GGATCC -T< 



, JGTTGG AG A A 



BamHI site a base sequence containing UAS of 

ATAAGAGAATTTPAGATTGA^AnAATGAA AAAAAAAAACT — (yft ft ft frftftftfiGTTQAAA C— 3 ' 
promoter ADH2 GAPDH (-198th to -178th) 



35 Primer GAPIFN 

5 * -TTCT-XgZAG » r-rr AnnrTGTGAATTTGAGGCAG ATCAqAQAT- 



40 



Xbal site 



rhIFN-a gene 



initiation codon 



^TGTTTGTTTATGTGTG - 3 ' 

45 a region of promoter GAPDH (-1st to -18th) 

Using said two primers and a plasmid pYLBC5 containing the promoter GAPDH(ATCC 74119, see 
Korean Patent Appln. No. 91-25882) as a template, PCR was carried out as follows. 

so To a mixture of 10ng to lOOng of plasmid pYLBCS DNA as a template DNA. 10ul of 10 x Ta q 
polymerase buffer(10mM Tris-HCt. pH 8.3, 500mM KCI. 15mM MgCI 2 . 0.1%<w/v) gelatin). 10ul of dNTPs 
mixture(1.25mM dGTP, dATP, dTTP and dCTP). 2ug of a primer ADHGAP. 2ug of a primer GAPIFN and 
0.5UI of Ampli Taq DNA polymerase (Perkin Elmer Cetus, U.S.A.) was added distilled water to make a total 
volume of 100ul; and 50ul of mineral oil was added thereto to prevent evaporation thereof. A first PCR was 

55 carried out by using thermocycler(Perkin Hmer Cetus. U.SA.) and repeating 25 times the thermal cycle of: 
95 *C for 1 min - 55-C for 1 min; 72 -C for 2 mins; and finally at 72 -C for 10 mins. 

To the reaction mixture was added an equal volume of phenol/chloroform; and the mixture was 
centrifuged to remove polymerase. The supernatant thereof was transferred to a new tube; and 1/10 volume 
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of 3M sodium acetate, and 2.5 volumes of 100% ethanol were added thereto. The mixture was centrifuged 
to obtain about 320 bp of DNA fragment which was named AG885. The nucleic acid was dissolved in 20ul 
of TE buffer (10mM Tris-HCI, pH 7.5. ImM EDTA) for use in the next step. 

5 (Step 2): Digestion of plasmid pYLBCS 

2ug of plasmid pYLBCS was completely digested with the restriction endonucleases Psti and Sail in 
NEB buffer solution 3; and another 2ug of plasmid pYLBC5 was also completely digested in the same 
manner. Each of the digested plasmids was subjected to 0.7% agarose gel electrophoresis to isolate about 
jo 9.84kb and 3.0kb fragments which were referred to as fragments PK and PS. respectively. 

<Step 3): Isolation of rhIFN-q gene fragment 

About 5ng of vector M13mp18-IFN-o containing the rhIFN-a gene obtained in Example 3 was 
is completely digested with the restriction endonucleases Xbal and Sail in NEB buffer solution 3 and 
subjected to agarose gel electrophoresis as to obtain about 450 bp of rhIFN-a gene fragment which was 

referred to as IFN-XL. _ ^ 

About 2ug of fragment AG885 obtained in <Step 1> above was completely Digested with the restncton 
endonucleases Xbal and BamHI in NEB buffer solution 3 and subjected to phenol/chloroform extraction and 
20 ethanol precipitation. The precipitated nucleic acid segment(hereinafter referred to as AG885-X/B) was 
dissolved in 10ui of TE solution. 

<Step 4): Preparation of plasmid pYLBC-AG885-a-IFN 

2S The fragments obtained in the above (Step 2> and (Step 3> were ligated as follows. To a tube were 
added. 200ng of fragment IFN-X/L. 200ng of fragment AG885-X/B, 100ng of each of fragments PK and PS. 
2ul of 10 x ligation buffer and 10 units of T4 DNA ligase; and distilled water was added thereto to adjust the 
total volume to 20uX The mixture was reacted at 16* C for 12 hours. The above procedure is shown in Fig 
3B. 

30 

Example 5: Transformation of yeast with expression vector and expression of rhIFN-q gene 
(5-A): Transformation of yeast with Luck-cHFN-1 Y and expression of rhIFN-q gene 

35 The recombinant plasmid Luck-a-IFN-Y obtined in Example (4-A) was extracted in mass by means of 
alkalinefysis(lsh-Horowic2. D.. et at. Nucl. Acid Res. 9. 2989(1981)) for use in the following transformation 
procedure. The transformation* yeast with plasmid was carried by using on the methods disclosed by 
Veges(Nature 275. 104(1978) and Hinnen (P.N.A.S. 75. 1929(1978)). 

1ml of S. c erevisiae DC04(Yeast Genetic Stock Center. Department of Biophysics and Medical Physics. 

40 University 61 California. CA 94720. U.SA) which had been cultured overnight was inoculated into 50ml of 
fresh YEPD medium and cultured with shaking at 30 -C until the O.D. value at 650nm reached 0.8 to 1.0. 
The culture was centrifuged at SOOOrpm for 5 minutes to isolate the cells. The precipitated cells were 
suspended in 20ml of water; and the suspension was recentrifuged. The cell precipitates were suspended in 
20ml of 1M sorbitol solution; and the suspension was recentrifuged. 

45 The precipitated cells were dissolved in 5ml of SP(1M sorbitol. 50mM sodium phosphate. pH 7.5) and 
5ul of 1M DTT; and 50ul of xymolase(1 Omg/ml in 50% glycerol/50% sp) was added thereto, followed by 
culturing with shaking at 150rpm and 30 -C for 30 minutes. During the cultivation, a small amount of the 
culture was occasionally taken and treated with 1/10 volume of 0.1% SDS to examine the degree of 
spheroplast formation with an optical microscope. The cultivation was carried out(generally for 30 minutes) 

so until at least about 90% of the yeast cells were turned into spheroplast. After the completion of the 
cultivation, the culture was centrifuged at 1500rpm for 3 minutes with Dynac Centrifuge to obtain 
spheroptasts. The spheroplasts thus obtained were washed with 5ml of 1 M sorbitol and 5ml of STC(1 M 
sorbitol. 10mM CaCfe. 10mM Tris-HCI. pH 7.5) and dissolved in 1ml of STC before use in its transformation 
with Luck-a-IFN-1Y. 

55 To a mixture of 12.5ul of 5 to 10ug plasmid nucleic acid and 12.5ul of 2 x STC was added 50ul of the 
spheroplast, followed by the culturing thereof for 10 minutes at room temperature. To the culture was added 
SOQjjlI of PEG/TC solution (40% PEG-4000. 10mM CaCfc, 10mM Tris-HCI. pH 7.5). which was stood for 
lOminutes. The culture was centrifuged at 1500rpm for 13 minutes with Dynac Centrifuge to isolate 
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spheroplast. The precipitated spheroplast was dissolved in 200ul of 1M sorbitol solution. 

The solution containing the spheroplast was mixed with 7ml of a regeneration agar(3g of Bacto agar, 
50ml of 2M sorbitol. 0.67g of yeast nitrogen base without amino acid, 0.1 g of mixture of amino acids without 
leucine. 0.4ml of 50% glucose. 45ml of water per 100ml); and the mixture was poured onto a leuicine- 
5 deficient plate(182g of sorbitol. 20g of Bacto agar. 6.7g of yeast nitrogen base without amino acid(Difco. 
U.S.A.). 0.25g of Leu- supplement. 4ml of 5% threonine. 40ml of 50% glucose and 820ml of water) and 
cultured at 30 • C for 3 to 5 days to obtain yeast colonies transformed with the recombinant plasmid Luck- 
IFN-a-1Y. 

A transformed yeast colony was cultured in 3ml of a leucine-deficient medium(6.7g of yeast nitrogen 
10 base without amino acid. 0.25g of mixture of amino acids without leucine and 6% glucose per 1L) at 30 *C 

for 24 hours; and then the culture was inoculated into 100ml of YEPD medium(2% peptone. 1% yeast 

extract, 2% glucose), which was cultured at 30 * C for 24 hours. 

The final O.D. value of the culture was about 25 at 650nm. The amount of the culture corresponding to 

an O.D. value of 10 was centrifuged and dissolved in 400ul of a buffer(10mM Tris-HCI, pH 7.5, ImM EDTA, 
is 2mM PMSF. 8M urea). To the solution was added an equal volume of glass beads having a diameter of 

0.4mm followed by vigorous stirring to disrupt the cell wall. 10ul of the yeast extract thus obtained was 

subjected to electrophoresis on 15% SDS-polyacrylamide gel in accordance with the method disclosed by 

Laemmli et a), in Nature 277. 680(1970) and stained with Coomassie Brilliant Blue R250 to confirm the 

expression of the gene product. The result is shown in Fig. 4A 
20 In Fig. 4A, both of lanes 1 and 2 describe extract of yeast cell containing the expression vector Luck-a- 

IFN-1Y; lane 3 shows extract of yeast cell which does not contain the expression vector; and lane 4 shows a 

standard protein size marker which represents the molecular weights of 43.000, 29,000, 18,400, 14.300, 

6.500 and 3.800 datton from the top. respectively. 

25 <5-B): Transformation of yeast with expression vector pYLBC-AG885-a-IFN and expression of rhIFN-q gene 

The recombinant plasmid pYLBOAG885-a-lFN obtined in Example(4-B) was prepared in mass by 
means of alkaline lysis method(lsh-Horowicz, D. et al.. Nucl. Acid Res. 9. 2989(1981)) for use in the 
transformation. 

30 The transformation procedure of Example (5-A) was repeated by employing the plasmid pYLBOAG885- 
a-IFN instead of the plasmid Luckt*-IFN-1Y to obtain yeast colonies transformed with the recombinant 
plasmid pYLBC-AG885-a-IFN. 

The transformed yeast was cultured in 3ml of a leucine-deficient medium(6.7g of yeast nitrogen base 
without amino acid. 0.25g of mixture of amino acids without leucine and 6% glucose per 1L) at 30 # C for 24 

35 hours; and then the culture was inoculated into 100ml of YEPD medium(2% peptone, 1% yeast extract, 2% 
glucose) and cultured at 30 • C for 24 hours. 

The final O.D. value of the culture was about 25 at 650nm. The amount of the culture corresponding to 
the O.D. value of 10 was centrifuged and dissolved in 400ul of a buffer(10mM Tris-HCI, pH 7.5. 1mM EDTA, 
2mM PMSF, 8M urea). To the solution was added an equal volume of glass beads having a diameter of 

40 0.4mm followed by vigorous stirring to disrupt the ceil wall. 10ul of the yeast extract thus obtained was 
subjected to electrophoresis on 15% SDS-polyacrylamide gel in accordance with the method disclosed by 
Laemmli et al. in Nature 277. 680(1970) and stained with Coomassie Brilliant Blue R250 to confirm the 
expression of the gene product The result is shown in Fig. 4B. 

In Fig. 43, lane 1 shows extract of yeast cell which does not contain the expression vector pYLBC- 

45 AG885-cr-IFN, lanes 2 and 3 show extract of yeast cell containing the expression vector pYLBC-AG885-a- 
IFN after its cultivation for 4 hours; lanes 4 and 5 show extract of yeast cell containing the expression vector 
pYLBC-AG885-a-IFN after its cultivation for 48 hours, respectively; and lane 6 shows the standard protein 
size marker which represents the molecular weights of of 43.000, 29.000, 18.400. 14,300, 6.500 and 3,500 
dalton from the top, respectively. 

50 

Example 6: Purification of hlFN-a produced in yeast 



(6-A): Di sruption of culture of yeast transform ants 

1kg of yeast transformed with the recombinant plasmid Luck-a-IFN-1Y obtained in Example(5-B). in 
which hlFN-a was expressed, was suspended in a buffer(20mM Tris-HCI, 1M urea. 1mM EDTA, 1mM 
PMSF, pH 8.0) using homogenizer(Beckman) and disrupted at a speed of 750ml/min with Bead Beater- 
(Biospec Product U.SA) packed with glass beads having a diameter of 0.5 to 0.75mm. The solution 
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containing the disrupted yeast was centrifuged at 12.000rpm and 4-C for 50 minutes with a cenWuge- 
(Backman JA-14. Rotor). The supernatant was discarded and the precipitates were re ^E^^/JJ^S 
precipitates were suspended in 2L of a buffer(20mM Tris-HCI. 1M urea, ImM EDTA. 0.1% Tnton X-100. pH 
8.0) using a homogenizer(Beckman); and the suspension was centrifuged at I^OOOrpm for50 minutes mto 
s a centrifuge (Beckman JA-14 Rotor) to isolate the precipitates. The collected preciprtates were further 
suspended in 2L of 1M guanidine solution(guanidine HCI. Amresco) usmg a homogenjzen and the 
suspension was centrifuged at 12.000rpm for 30 minutes to isolate about 600g of the precprtates. 

(6-B) : Dissolution of the protein precipitates in a guanidine solution 

'° 600g of the precipitates obtained in Example(6-A) was dissolved in 1.8L of 6M guan Wine MMto"(ljM 
guanidine-HCI. 20mM Tris-HCI, 100mM 0-mercaptoethanol. pH 80) at ^ overnight wrth , st ,mng^ The 
solution was centrifuged at I2.000rpm and 4-C for 30 minutes with a centnfuge(Beckman^ JA-M Rotor) to 
remove the precipitate. About 2.1 L of the collected dark brownish supernatant was 4-fokJ d.luted wrtt. a 

,s buffer solution(20mM Tris-HCI, 0.1 mM PMSF. pH a0) and centrifuged to recover ^the ^matent^The 
supernatant was concentrated with an ultrafiltration membrane to a volume of 2L and ^en the <»nc«rtrate 
wasdialyzed three times to SOL of a buffer solutJon(20mM Tris-HCI, 0.12M Nad. 0.1mM PMSF. pH a0) at 
4«C. 

20 (6-C): DEAE-cellulose column chromatography 

The solution obtained in Example(6-B) was centrifuged at 12,000rpm and 4-C for 30 minutes with a 
centrifuge(Beckman. JA-14 Rotor) to remove the precipitates. The collected ^matent was « • 

DEAE-cellulose resin column(whatman) equilibrated with a buffer solution(20mM Tns-HCI. 0.1 2M I tea 
25 0 1 mM PMSF, pH 8.0) at a rate of 10cm/hr. The protein solution passed through the column without binding 
to the resin was dialyzed three times with SOL of a buffer solution(50mM sodium acetate. pH 4.5). 

The dialyzed protein solution was centrifuged at I2.000rpm and 4-C for 30 minutes wrth a centnfuge- 
(Beckman, JA-14 Rotor) to remove the precipitates. 

30 (6-D): CM-Sephalose column chromatography 

A mixture of 50mM sodium acetate and the dialyzed protein solution(pH 4.5) obtained in E^te<4-C) 
was loaded on a CM-Sepharose resin column equilibrated with a buffer solution (20mM Tns-HCI 0.12M 
NaCI. 0.1 mM PMSF, pH 8.0) at a rate of 15cm/hr . The column was washed with the same buffer solution to 
as discharge the proteins not binding to the resin until the peak of the proteins dropped sufficiently. ™*™*° r - 
an elution of protein was carried out using a buffer solution(50mM sodium acetate. 0.12M sodium chlond* 
pH 4.5). When the peak dropped, another elution was further carried out using a buffer solution(50mM 
sodium acetate. 0.5M sodium chloride. pH 4.5). The result of CM-Sepharose chromatography .s shown in 

Fig. 5 as the O.D. value at 280nm. .. _ 0 

40 In F«g. 5. dark bar(a) indicates fractions containing a partialiy oxidized hlFN-a; dark bar(b) indicates 
fractions containing mainly active form of monomeric hlFN^ which is substantially identical to natural hlFN- 
«• and dark bar(c) indicates fractions containing mainly dimeric hlFN-a. Partially oxidized hlFN-«. active 
form of hlFN-a and dimeric hlFN-a were eluted in order. In order to completely remove the partially 
oxidized hlFN-o and dimeric hlFN-a from hlFN-a. the solution of fractions corresponding to the bar(b) was 
4s subjected to CM-Sepharose column chromatography, thereby obtaining highly punfied active form of 

monomeric hlFN-o. . . . 

If necessary, further purfication by gel permeation chromatography may be earned out. 

The protein solution obtained above was passed at a flow rate of 3cnVhr through an S-300(Pharrnaaa) 
column equilibrated with a buffer solution(20mM NH»-acetate. 0.12M NaCI. pH 4.5). The eluted fractions 
50 were subjected to non-reducing SDS-PAGE and the only fractions containing active form of monomenc 
hlFN^ and not substantially containing oligomeric hlFN-o were collected. The collected protein solution was 
dialyzed three times to 20L of PBS buffer solution. 

(6-E): Conversion of hlFN-t» in inactive form to active form 

Dimeric hlFN-a obtained in Example(6-D) ((c) of Fig. 5) which was identified by 1 5% non-reducing SDS- 
PAGE was collected and dialyzed to 20mM Tris-HCI(pH 8.0). 
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To the above dialed solution were added cysteine^™) and cyst,oe(S^ma) to . , ««jrtj«nrt 
5mM and 0 5mM. respectively, followed by stirring and standing over 5 hours at 4 C or a t room 
riTJSn was subjected to SDS-polyacrylamide ge. electrophores.s to confirm that *e 
£7 ~ ~n^rS into the monomer, and. thereafter, the sample was dialyz^ to ^^n {5 0mM 
s sodium acetate. pH4.5). Rg. 6 shows the results of 15% «on*educ.ng^ SDS-PAGE for the d.menc hlFN-a 
before the above conversion (a) and the monomeric hlFN-a coverted above(b). 

Thesame result was also obtained by using an oxidized glutathione and a reduced glutathione. 

S!^vzeTsamSe was objected to CM-Sepharose column chromatography and gel permeat.cn 
chromCaphy byTe \i25Ei as in Examp.e(6-D) to obtain high.y purified active form of 

,o '^^^ aUM MFnn obtained Example^) ((a) of Fig. 5) was subjected to the same 
conversion steps as above to obtain an active form of hlFN-a. 

(6-F ): Determination of bioactivtty of hlFN-q 

The bioactivtty of the purified hlFN-o was determined by measuring the anti^ytopathic activity of hlFN- 

" 'TSZZZ SSL calf kidney ceO(MDBK. 3.5 x 10 s ceUs/m.) which was cultured in T75 flask was 
spread^Tse blank p.ates in an amount of lOOul. respective.y. and cuttured in 5% CO, incubator at 31 - C 
~ w T« ^ 24 hrs lOOul of vesicular stomatitis virus(1 x 10* to 4 x 10* pfu/ml) was moculated to wells 
20 was ^wim p£ Sr^and cultured for 18 to 24 hrs in 5% CO, .abator at sr-C Mo forma 
sinole laver of cells 100ul of each of the hlFN-« samples obtained in Examples (6-D) and (6-E) was two- 
2 « serSy added to each well and left for 48hrs in 5% CO, incubator at 37- C. Thereafter, a 
crlstS Set dye solution was added to each we., and the O.D. value at 600nm was measu^l 
* ^e protein concentration of the hlFN-o was determined by means of Lowry s ™* o<l A standard 
hlFN-a Gxa-01-901-535. was obtained from NIH of the U.S. and the specific activrty of wh.ch was 2.0 x 10* 

'"""-L result of activity determination indicated that both of monomeric hlFN-as obtained in Examples (6- 
D) aTd (S) had al^ific activrty of 1.8 x 10* .U/mg or more. Accordingly, the hlFN-a -nv^ frorn^e 
*, dimeric hlFNt. and^tiai.y oxidized hlFN-a was equivaforrt to the active form °f monomenc h.FN-a 
obtained initially by CM-Sepharose chromatography in terms of their bio.og.cal activrty. 

(6-G): Reverse phase HPLC 

ss A reverse phase HPLC was carried out to confirm the identity between the hlFN-as obtained in 

& TK , p52.i52 were passed through a C18 co.umn(u-Bondapak. Waters) 
(v/v) ^tonitriled 5% acetonitrite/0.05% triftuoroacetic acid/rfcO) with a rapid linear gradient rt 
ace oSe over 5 minutes and then a gentie linear gradient of 56%(v/v) acetemtnte^ 35 m mute^The 
^ result is shown in F.a 7 wherein two proteins were eluted at the same position. Accordingly, it can be 
consUd^Tsaid SfnL obtained by Wabove two methods are identical in terms of P^emismr. 

While the invention has been described with respect to the above specific embod— it shouW be 
recoonized that various modifications and changes which may be apparent to those skilled m the art £ 
recoQn . 1 . _ . m!W< _ fa ii witnin th e scope of the nvention as defined by the 

which the invention pertains may be made ana aiso tail wimin ™ =*-u^ «■ 

45 claims that follow. 
Claims 

1. A recombinant human alpha interferon gene having the following nucletoide sequence: 

so 
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ATG 
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GAT 


CTG 


CCT 


CAA 
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CTG 
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GGT 


TCT 


AGA 


AGA 


ACC 


TTG 


ATG 


TTG 


CTA 


GCT 
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CAA 


ATG 


AGA 


AAG 


ATA 


AGC 


TTG 


TTC 


TCC 


TGC 
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TTG 


AAG 


GAC 


AGA 


CAT 


GAC 


TTT 


GGA TTT 


CCC 
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CAG 


GAG 


GAG 


TTT 


GGC 


AAC 


CAG 


TTC 


CAA 


AAG 
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GCT 


GAA 


ACC 


ATC 


CCT 


GTC 


CTC 


CAT 


GAG 


ATG 
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ATC 


CAG 


CAG 


ATC TTC 


AAT 


CTC 


TTC 


AGC 


ACA 


















240 


AAG 


GAC 


TCA 


TCT 


GCT 


GCT 


TGG 
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CTC 


CTA 
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TAC 
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TAC 




















300 


CAG 


CAA 


CTG 


AAT 


GAC 


CTG 


GAA 


GCC 


TGT 


GTG 
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CTG 
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GAG 


GAC 






CTG 


GCT 


GTG 




















390 
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CTC 


TAT 
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420 


CTG 


AAA 


GAG 


AAG 


AAA. 


TAC 


AGC 


CCT 


TGT 


GCC 












* * 








450 
AGA 


TGG 


GAG 


GTT 


GTC 


AGA 


GCA 


GAA 


ATC 


ATG 


480 


TCC 


TTT 


TCT 


TTG 


TCA 


ACA 


AAC 


TTG 


CAA 


GAA 


.AGT 


TTA 


AGA 


AGT 


AAG 


GAA 


TAA 


TAG 







2. An expression vector comprising the recombinant human alpha interferon gene of claim 1 . wherein the 
40 gene is positioned at a site capable of being expressed in a yeast cell. 

X The vector of claim 2 which is Luck-a-IFN-1Y(KCCM 10019). 

4. The vector of claim 2 which is pYLBC-AG885na-IFN(KCTC 0028BP). 

45 

5. A yeast cell transformed with the expression vector of claim 2. 

a The transformed yeast cell of claim 5 which is Saccaromyces cerevisiae DC04 Luck-a-IFN-1 Y. 

so 7. The transformed yeast cell of claim 5 which is Saccaromyces cerevisiae DC04 pYLBOAG885-a-*FN. 

a A process for producing human alpha interferon comprising culturing the yeast cell of claim 5. 6 or 7. 

a A human alpha interferon produced by the process of claim 8. 

55 10. A process for purifying human alpha interferon produced in yeast cells comprising a conversion 
procedure of inactive form of human alpha interferon to active form comprising the steps of: 
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(A) dissolving human alpha interferon produced in yeast in a solution containing a reducing agent 
and then controlling the reduced human alpha interferon under a refolding condition; 

(B) subjecting the solution containing the refolded human alpha interferon to an anion exchange 
chromatography to isolate the refolded human alpha interferon; 

5 (C) subjecting the refolded human alpha interferon to a cation exchange chromatography to separate 

inactive human alpha interferon from active human alpha interferon; and 

(D) treating the inactive human alpha interferons with a redox agent containing oxidized thiol 
residues and reduced thiol residues to convert to the active form. 

70 11. The process of claim 10 wherein said redox agent contains about 1 to 10mM of reduced thiol residues 
and about 0.1 to 1mM of oxidized thiol residues. 

12. The process of claim 10 wherein said redox agent comprises cystein and cystine. 

75 13. The process of claim 10 wherein said redox agent comprises oxidized glutathione and reduced 
glutathione. 

14. A polypeptide human alpha interferon purified by the process of claim 10. 

20 



25 



30 



35 



40 



45 



50 



55 



19 



EP 0 553 494 A1 



o Eh © 
cj < 

< 3 

S3 



O 3 
Eh 



O 4J 
Eh © 

< S 

CJ 9 

ea 

CP 

O J* 

< < 

O Jh 



o o o 

CM CJ Jh 
<-< CJ (X 

Eh © 
|h ^ 
H CU 

< >• 
O rH 
CJ CJ 

Eh 0) 

o a 

< to 
o < 

Eh u 
CJ X 

< CP 

O Jh 

< < 

a a 
«< u 
o < 



O O 4-> 
co H © 

■H < S 

O 3 

< rH 

o o 

Eh m 

5 x 

S3 

O rH 

Eh © 
o > 

S8 

O 04 

CJ 0) 
EhiH 

< «H 

O Jh 

3g 



s © 

Eh CO 


O Cfl 


53 


EH >• 
O <-> 
O O 


ea 


o < 


OOP 
nf» a) 


O CJ w 
CT» O >i 

Eh CJ 


O O 03 

S5S 


a jh 
o © 

< CO 


O Jh 
CJ © 
Eh CO 


53 

CJ o 


CJ © 

< -r* 
a x 


CJ © 

£h x: 

Eh CU 


CJ © 


CJ -C 
< Eh 


£3 


o c 

< rH 

o tj 


CJ o 


U Jh 

o © 

< CO 


a c 

5 2 


S2 

CJ cu 


< © 
Eh rH 

< M 


a >• 

O rH 
O CJ 


cj 3 

B3 


O W 


Eh © 
|h XX 
Eh 0« 


Eh a 

< w 
o < 


< CP 

O >H 
•< < 


O 3 

< rH 

cj o 


Eh © 
o >* 
Eh CJ 


O 4-> 
Eh © 
< X, 


O 3 

< rH 

o o 



o o u 

-t CJ XX 
CM < Eh 

O 3 

< rH 
O O 

Eh a 

< © 



o cu 

S3 

o «< 

Eh © 

O rH 
CJ < 

CJ © 
Eh CO 

< JH 
CJ © 

Eh CO 

CJ CU 

< W 
O < 



o © 



5^ 



O < M 
CM < Eh 

a jh 

o © 

< CO 
CJ © 
Eh £ 
CJ 3 

S3 

H C 

5^ 



cj © 



Eh © 



i-H 

o 



o c 

< rH 



a © 

EH rH 

< M 

o c 

#< rH 

CJ o 

o c 

< rH 

o o 

CJ © 
Eh rH 

< M 



O O rH 

O Eh <0 
ro O > 

Eh tO 

Eh CJ 

CJ A3 
CJ rH 
O < 

53 

O O 

S3 

CJ CU 

< to 

a < 

EH C 

5S 
S3 

o c 

< rH 

o o 

o o u 
r- i< >i 

CM Eh Eh 
CJ 3 

S3 

O 3 

< rH 

a o 

CJ U 

< > 
Eh H 



CJ © 



00 

CJ CU 

< to 
o < 

< 3 

S3 

CJ 3 

S3 



O O rH 

vo Eh to 
n O > 

S5 

o < 
O 3 

S3 

< M 

CJ U 
CJ © 
Eh CO 

CJ CU 

< © 

a < 
o 3 

< rH 
O O 

o © 

35 

O -P 
Eh © 

< 3E 

O 3 

S3 

O CJ o 
o U Jh 
to O 0< 

si 

O 3 

< rH 

o o 

< u 

O £ 

< Eh 

O rH 

Eh (Q 
O > 

a >i 

O rH 

CJ o 

O rH 

Eh Id 
O > 

O >i 

O rH 
CJ CJ 

o c 

«< rH 

CJ o 

«c © 

Eh rH 



O CJ © 
CM CJ rH 
«T ID < 

Eh © 
O >i 
Eh O 

Eh O 
CJ U 
CJ CU 

O Jh 
O © 

< CO 

u u 

< >t 

Eh Eh 

< © 

5& 

o © 

5^ 

O 3 

< rH 

CJ O 

O 3 

S3 

o Eh U 
<j\ < >i 
en Eh Eh 

CJ 3 

S3 
S£ 

< Eh 

U © 
Eh rH 

< M 

< CP 

o u 

< < 

53 

O CJ 

u © 
E^ £ 
CJ u 

< >1 

Eh Eh 
«£ © 

< *3 

O CT» 
O *h 



O *C 3 

00 ^ rH 

-c- CJ CJ 

53 

O O 
O 3 

£3 

CJ C ' 

< © 

< r< 

O £ 

< Eh 

< M 
CJ © 
EH CO 

O 3 

B3 

O © 
Eh CO 

Eh Ph 

O M 
CJ © 
Eh CO 

o < a> 
mu u 

< < 

cj -P 
Eh © 

< £ 

a © 

Eh rH 

< M 

<S rH 

O CJ 

< <d 

CJ rH 
O < 

< CP 
O M 

< < 

O rH 
Eh © 
O > 



Eh © 

O > 

O 3 

< rH 

O CJ 

O CU 

O >H 

Eh Eh 



CJ TJ 

< C 
Eh W 

3? 

Eh W 

53 

O CJ 
o © 

5^ 

Eh Jh 
O © 

< CO 

< CP 

o u 

< < 

< 3 
Eh © 
Eh J 

Eh Jh 
CJ © 

< CO 



< 

H 

to 



20 



EP 0 553 494 A1 



60 

TCTACAATGGCCTTGACCTTTGCTTT 

SerThrl^Alal^uThrPheAlal^uLeuValAlaLeuLeuValLeuSerCysLysSer 

120 

AGCTGCTCTGTGGGCTGTGATCTGCCTCAAACCCACAGCCTGGGTAGCAGGAGGACCTTG 

SerCysSerValGlyC^spLcuProGlnThrHisSerLeuGlySerArgArgThrLeu 

* 180 
ATGCTCCTGGCACAGATGAGGAAAATCTCTCTTTTCTCCT^ 




TTTGGATTTCCCCAGGAGGAGTTTGGCAACCAGTTCG 

^SyPheProGlnGluGluPheGlyAsnGlnPheGlnLysAlaGluThrlleProVal 

300 

CTCCATGAGATGATCCAGCAGATCTTCAATCTCTTCAGCACAAAGGACTCATCTGCTGCT 
LeiiHisGluMETIleGlnGlnllePheAsnLeuPheSerThrLysAspSerSerAlaAla 

360 

TGGGATGAGACCCTCCTAGACAAATTCTACACTGAACTCTACCAGCAGCTGAATGACCTG 

TrpAspGluThrl^uI^uAspLysPheTyrThrGluI^uTyrGlnGlnLeuAsnAspLeu 

420 

GAAGCCTGTCTGATACAGGGGGTGGGGGTGACAGAGACTCCCCTGATGAAGGAGGACTCC 

GluAlaCysVallleGlnGlyValGlyvalThrGluThrProLeuiJETLysGluAspSer 

480 

ATTCTGGCTGTGAGGAAATACTTCCAAAGAATCACTCTCTATCTGAAAGAGAAGAAATAC 

Ilel^uAlaValArgLysTyrPheGliiArgll^ 

540 

AGCCCTTGTGCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCTTTTTCTTTGTCAACA 

SerProC^sAlaTrpGluValValArgAlaGluIleMElArgSerPheSer^euSerThr 

600 

AACTTGCAAGAAAGTTTAAGAAGTAAGGAATGAAAACTGGTTCAACATGGAAATG 

AsnLeuGlnGluSerLeuArgSerLysfillL LysLeuValGlnHisGlyAsxxAspSer 

** 

CATAGATTCGTATCCCAGCTCACCTTETTATGATCTGCCATTCCAAA 

HisArgPheValCysGlnLeuThrPteLeu— SerAlalleSer 

* N-terminal amino acid of natural mature human alpha interferon 
** c-terminal amino acid of natural mature human alpha interferon 
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